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Abstract
Nephelium Lappaceum (Rambutan) is a local seasonal fruit that has a short storage life. In this study, the effects of temperature 
on the drying of Nephelium Lappaceum samples were investigated. The present investigation was conducted at drying 
temperatures of 40ºC, 50ºC, 60ºC, 70ºC and 80ºC for 24 hours, and the drying kinetics of Nephelium Lappaceum were evaluated. 
The experimental data were fitted to five thin layer mathematical models, including the Lewis, Page, Handerson and Pabis, 
logarithmic and two-term model. These models were evaluated by comparing the coefficient of determination (R2), chi square 
Ȥ2), reduced sum square error (SSE) and root mean square error (RMSE). The logarithmic model best fit the experimental data. 
The effective diffusivity, Deff, was calculated using Fick’s diffusion equation, and the value of Deff varied from 1.34 x 10-10 to 
4.36 x 10-10 m2/s. The activation energy, Ea, and diffusivity constant, D0, were 24.99 kJ/mol and 2.23 x 10-6 m2/s, respectively.
© 2015 The Authors. Published by Elsevier Ltd.
Peer-review under responsibility of Istanbul University.
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1. Introduction
Nephelium lappaceum (Rambutan) is a seasonal fruit and a member of the Sapindaceae family. Nephelium 
lappaceum consists of a seed, edible white pulp and hairy rind (Chooi, 2004; Diczbalis, 2002) and can be found in 
humid tropical countries such as Malaysia, Thailand and Indonesia (Chooi, 2004; Radha & Mathew, 2007). 
Nephelium lappaceum is abundant during its growing season, which often leads to fruit overproduction. Nephelium 
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lappaceum undergoes a rapid loss of moisture and darkening of the rind after it is harvested, leading to wasted fruit. 
The dehydration and darkening process of the fruit is followed by rind cracking and exposure of the juicy part of the 
fruit to pathological damage (S. Mohamed & E. Othman, 1988). Normally, fresh Nephelium Lappaceum can be 
stored for 4 to 5 days at ambient temperature and relative humidity (Landrigan et al., 1996; O'Hare et al., 1994; 
Yingsanga et al., 2008). Therefore, Nephelium Lappaceum must be preserved to prolong its shelf life.
Drying is the oldest preservation technique used in various industries because it is a cost-effective and practical 
means of preservation (Lewicki, 1998; Ramaswamy & Marcotte, 2006). Previously, studies on the drying of a 
variety of fruits such as apple (Kaya et al., 2007), longan (Varith et al., 2007), litchi (Janjai et al., 2010), kiwi 
(Allaeddini & Emam-Djomeh, 2004; Ceylan et al., 2007) and banana (Dandamrongak et al., 2002; Karim & 
Hawlader, 2005; Ceylan et al., 2007) have been performed. Many drying methods are used in the drying of fruits 
and vegetables, such as solar drying, microwave drying, spray drying, freeze drying and hot air drying (Guiné et al.,
2011). However, hot air drying offers more uniform and hygienic production of dried fruit (Doymaz, 2004). 
Various studies on the drying kinetics of fruits and vegetables have been reported, including those on grape 
seeds (Roberts et al., 2008), strawberry (Doymaz, 2008), banana (Ceylan et al., 2007), mulberry (Doymaz, 2004) 
and carrot (Krokida et al., 2003). However, information on the drying kinetics of Nephelium lappaceum has not yet 
been published.
The objectives of the present research were to (1) study the effects of temperature on the drying characteristics of 
Nephelium Lappaceum, (2) determine a suitable thin layer mathematical model that describes its drying behaviour 
and (3) evaluate the corresponding diffusivity and activation energy.
2. Materials and Methods
2.1. Sample Preparation
Fresh Nephelium Lappaceum was obtained from a local market in Selangor and was deseeded, cleaned and cut 
into 2.5 cm x 2.5 cm pieces with a thickness of 0.4 cm-0.6 cm. The moisture content and weight of the samples were 
recorded, and the samples were placed into a drying chamber. A pre-treatment process was not performed on the 
samples prior to drying. 
2.2. Drying Method
Nephelium Lappaceum samples were dried in an oven (UFE 500, Memmert) at 40oC for 24 hours. The weight of 
the samples was recorded at different time intervals, and the moisture content of the dried samples was determined 
after 24 hours. The experiment was repeated at temperatures of 50ºC, 60ºC, 70ºC and 80ºC, and each experiment 
was repeated in triplicate. The data were subsequently analysed to study the drying kinetics.
2.3. Data Analysis
The drying characteristics were analysed using semi-theoretical drying models. Five mathematical drying models 
were used to evaluate the drying kinetics of Nephelium Lappaceum, as shown in Table 1. The moisture ratio of the 
samples was calculated using Equation (1):
(1)        
where MR is the dimensionless moisture ratio, M is the moisture content at time t of the drying process (g/g dry 
solid), M0 is the initial moisture content (g/g dry solid) and Me is the equilibrium moisture content (g/g dry solid). 
e
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Me was assumed to be 0 g/g dry solid because it is relatively small compared to M and M0 (Al-Muhtaseb et al.,
2010; Roberts et al., 2008). Thus, Equation (1) was simplified to:
             (2)
Non-linear regression analysis was performed using Microsoft Excel. The coefficient of determination (R2), chi 
VTXDUHȤ2), reduced sum square error (SSE) and root mean square error (RMSE) of each mathematical model were 
calculated, and a suitable drying model was chosen based on the highest value of R2 and lowest value of SSE, 
RMSE DQGȤ2.
Table 1. Mathematical models applied to the drying curves.
Model Name Mathematical Equation References
Lewis MR = exp(-kt) Ceylan, 2007; Guiné et al., 2011
Page MR = exp(-ktn) Ceylan, 2007; Guiné et al., 2011
Henderson and Pabis MR = a exp(-kt) Ceylan, 2007; Guiné et al., 2011
Logarithmic MR = a exp(-kt) + c Ceylan, 2007; Guiné et al., 2011
Two-Term MR = a exp(-k0t) + b exp(-k1t) Ceylan, 2007; Guiné et al., 2011
3. Results and Discussion
3.1. Drying Curves
The drying curves of Nephelium Lappaceum at different temperatures are shown in Figure 1. The drying 
temperature significantly affected the drying rate of Nephelium Lappaceum. This finding is in agreement with those 
obtained by Vega-Galvez et al. (2012), who studied the effect of temperature and air velocity on the drying kinetics 
of apple slices, and found that the drying rate of apples increased with an increase in temperature. At high drying 
temperatures, the drying rate is faster due to the excitation of molecules in the samples (Jamali et al., 2006). As the 
temperature increases, water molecules inside the sample move faster, which increases the distance between 
molecules and indirectly reduces the attractive forces between them. Thus, an increase in the drying temperature 
increases the amount of moisture removed from the samples.
Fig. 1. Drying curves of Nephelium Lappaceum dried in an oven at different temperatures.
0M
MMR  
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Based on the results shown in Figure 2, samples dried at 40ºC, 50ºC, 60ºC, 70ºC and 80ºC showed a falling rate 
period. These results were in accordance with those obtained by Hii et al. (2009), Lemus-Mondaca et al. (2008) and 
Evin (2012) and Doymaz (2008), who observed a falling rate period in their studies on the drying of fruit products. 
As shown in Figure 1 and Figure 3, in the early stages of the drying process, a rapid loss of moisture was observed 
due to moisture loss at the surface of samples and capillary action, which transported unbound water to the surface 
through the capillaries of the samples. As the drying time increased, the surface layer of water slowly receded below 
the surface, and hot air filled the voids left by moisture removed from the samples. Moisture was continuously 
removed until there was insufficient water left to maintain a continuous film across the pores. At this stage, the 
limiting step in the drying process was the rate of water vapour diffusion in the pores because liquid water had to 
evaporate and move to the surface in the gas phase. This phenomenon explains the observed decrease in the drying 
rate at longer drying times (Geankoplis, 2003; Perre et al., 2007).
Fig. 2. Normalised drying rate (NDR) versus moisture ratio (MR) curves of Nephelium Lappaceum dried at different drying temperatures.
Fig. 3. Plot of NDR versus drying period.
3.2. Mathematical Modelling
The moisture ratio (MR) was calculated using Equation 3, and regression analysis was performed using 
Microsoft Excel. Table 2 shows the calculated data for the selected thin layer drying model.
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Compared to other mathematical models, the Logarithmic model was the best model for all of the drying 
WHPSHUDWXUHV EHFDXVH WKH ORZHVW 506( 66( DQG Ȥ2 were observed (Table 3). The results were confirmed by 
plotting the graph of the experimental MR versus the predicted MR (Figure 4). All of the R2 values were greater 
than 0.99, which indicates that the fit was good.
Table 2. Mathematical drying model constants.
T (ºC) Model Name Model Constants
Lewis k = 0.1831
Page n = 1.0670, k = 0.1650
40 Handerson and Pabis a = 1.0473, k = 0.1949
Logarithmic a = 1.0489, c = -0.0075, k = 0.1907
Two-Term a = 0.5236, b = 0.5236, k0 = 0.1949, k1 = 0.1949
Lewis k = 0.3081
Page n = 1.1582, k = 0.2562
50 Handerson and Pabis a = 1.1586, k = 0.3605
Logarithmic a = 1.1650, c = 0.0061, k = 0.3690
Two-Term a = 0.5793, b = 0.5793, k0 = 0.3605, k1 = 0.3605
Lewis k = 0.3434
Page n = 1.0457, k = 0.3266
60 Handerson and Pabis a = 1.0688, k = 0.3685
Logarithmic a = 1.0868, c = 0.0133, k = 0.3906
Two-Term a = 0.5344, b = 0.5344, k0 = 0.3685, k1 = 0.3685
Lewis k = 0.4236
Page n = 1.1401, k = 0.3704
70 Handerson and Pabis a = 1.1803, k = 0.4937
Logarithmic a = 1.2028, c = 0.0085, k = 0.5141
Two-Term a = 0.5902, b = 0.5902, k0 = 0.4937, k1 = 0.4937
Lewis k = 0.6402
Page n = 0.8924, k = 0.6953
80 Handerson and Pabis a = 0.8756, k = 0.5748
Logarithmic a = 0.9258, c = 0.0116, k = 0.6282
Two-Term a = 0.4378, b = 0.4378, k0 = 0.5748, k1 = 0.5748
Fig. 4. Calculated MR vs. actual MR for the logarithmic model at a drying temperature of 40ºC.
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Table 3. Statistical results for thin layer mathematical modelling with different drying temperatures.
T (ºC) Model Name RMSE SSE Ȥ2 R2
Lewis 0.01164 0.00014 0.00014 0.99951
Page 0.00647 0.00004 0.00004 0.99952
40 Handerson and Pabis 0.00597 0.00004 0.00004 0.99933
Logarithmic 0.00550 0.00003 0.00003 0.99955
Two-Term 0.00597 0.00004 0.00004 0.99933
Lewis 0.01982 0.00039 0.00041 0.99630
Page 0.00855 0.00007 0.00008 0.99766
50 Handerson and Pabis 0.00528 0.00003 0.00003 0.99707
Logarithmic 0.00450 0.00002 0.00002 0.99923
Two-Term 0.00528 0.00003 0.00003 0.99707
Lewis 0.01152 0.00013 0.00014 0.99840
Page 0.01035 0.00011 0.00011 0.99860
60 Handerson and Pabis 0.00874 0.00008 0.00008 0.99884
Logarithmic 0.00635 0.00004 0.00004 0.99929
Two-Term 0.00874 0.00008 0.00008 0.99929
Lewis 0.01542 0.00024 0.00025 0.99628
Page 0.00877 0.00008 0.00008 0.99436
70 Handerson and Pabis 0.00615 0.00004 0.00004 0.99590
Logarithmic 0.00433 0.00002 0.00002 0.99831
Two-Term 0.00615 0.00004 0.00004 0.99559
Lewis 0.01012 0.00010 0.00011 0.99651
Page 0.00694 0.00005 0.00005 0.99697
80 Handerson and Pabis 0.00809 0.00007 0.00007 0.99114
Logarithmic 0.00503 0.00003 0.00003 0.99729
Two-Term 0.00809 0.00007 0.00007 0.99114
3.3. Effective Diffusivity and Activation Energy
Fick’s second law of diffusion was used to evaluate the effective diffusivity of Nephelium Lappaceum because 
all of the samples showed a falling rate period in their drying characteristics. Samples used in the present study were 
analysed in slab geometry form; thus, the effective diffusivity of the samples was determined by writing Equation 3 
in terms of a linear equation (Equation 4).
As the drying temperature increased, the value of Deff also increased. Samples dried at 40ºC presented the lowest 
Deff, which was 1.34 x 10-10 m2/s, and samples dried at 80ºC had the highest Deff, which was 4.36 x 10-10 m2/s. These 
results are within the range of effective diffusivities of agriculture products reported by several researchers (Table 
4). 
             (3)
(4)
The Arrhenius equation (Equation 5) was used to describe the relationship between the effective diffusivity and 
drying temperature (Roberts et al., 2008). The estimated diffusivity constant, D0, and activation energy, Ea, were 
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2.23 x 10-6 m2/s and 24.99 kJ/mol, respectively. These values were determined using the relationship shown in 
Figure 5. The value of Ea was within the range of Ea values reported in previous studies, which varied from 12.32 
kJ/mol to 51.26 kJ/mol (Hii et al., 2009; Senadeera et al., 2003).
          (5)
Table 4. Effective diffusivities of dried Nephelium Lappaceum and other agriculture products.
Agriculture Material Effective Diffusivity, Deff (m2/s) References
Nephelium Lappaceum (40ºC) 1.34 x 10-10 Current work
Nephelium Lappaceum (50ºC) 2.44 x 10-10 Current work
Nephelium Lappaceum (60ºC) 2.63 x 10-10 Current work
Nephelium Lappaceum (70ºC) 3.44 x 10-10 Current work
Nephelium Lappaceum (80ºC) 4.36 x 10-10 Current work
Apple 0.483 x 10-10 – 2.019 x 10-10 Kaya et al., 2007
Strawberry 4.95 x 10-10 – 1.42 x 10-9 Doymaz, 2008
Celery 3.43 x 10-11 – 1.714 x 10-10 Evin, 2012
Cocoa 8.01 x 10-11 – 4.84 x 10-10 Hii et al., 2009
Figure 5. Plot of ln Deff vs. 1/T during the oven drying of Lappaceum Nephelium.
4. Conclusion
The drying of Nephelium Lappaceum was carried out using an oven at five different drying temperatures (40ºC, 
50ºC, 60ºC, 70ºC and 80ºC) for 24 hours. Based on the present results, the drying temperature significantly affects 
the drying rate of Nephelium Lappaceum. Moreover, a falling rate period was observed for all of the samples during 
the drying process. According to the R2Ȥ2, SSE and RMSE values, the logarithmic model best fit the experimental 
data. The effective diffusivities varied from 1.34 x 10-10 m2/s to 4.36 x 10-10 m2/s. The diffusivity constant, D0, and 
RT
EDD aeff
)(exp0
 
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activation energy, Ea, were estimated using the Arrhenius equation, and the values were 2.23 x 10-6 m2/s and 24.99 
kJ/mol, respectively.
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